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1XPHULFDO,PSOHPHQWDWLRQ
7KH*DOHUNLQILQLWHHOHPHQWPHWKRG>@LVXVHGWRVROYHWKHQRQGLPHQVLRQDOJRYHUQLQJHTXDWLRQVDORQJZLWK
ERXQGDU\FRQGLWLRQV IRU WKHFRQVLGHUHGSUREOHP7KHHTXDWLRQRI FRQWLQXLW\KDVEHHQXVHGDV D FRQVWUDLQWGXH WR
PDVVFRQVHUYDWLRQDQG WKLVUHVWULFWLRQPD\EHXVHG WRILQG WKHSUHVVXUHGLVWULEXWLRQ7KHILQLWHHOHPHQWPHWKRG LV
XVHG WRVROYH WKH(TVZKHUH WKHSUHVVXUHP LVHOLPLQDWHGE\DFRQVWUDLQW7KHFRQWLQXLW\(TQ LV
DXWRPDWLFDOO\IXOILOOHGIRUODUJHYDOXHVRIWKLVFRQVWUDLQW7KHQWKHYHORFLW\FRPSRQHQWVUVDQGWHPSHUDWXUHș
DUH H[SDQGHG XVLQJ D EDVLV VHW 7KH *DOHUNLQ ILQLWH HOHPHQW WHFKQLTXH \LHOGV WKH VXEVHTXHQW QRQOLQHDU UHVLGXDO
HTXDWLRQV 7KUHH SRLQWV *DXVVLDQ TXDGUDWXUH LV XVHG WR HYDOXDWH WKH LQWHJUDOV LQ WKHVH HTXDWLRQV 7KH QRQOLQHDU
UHVLGXDOHTXDWLRQVDUHVROYHGXVLQJ1HZWRQ±5DSKVRQPHWKRGWRGHWHUPLQHWKHFRHIILFLHQWVRIWKHH[SDQVLRQV7KH
FRQYHUJHQFH RI VROXWLRQV LV DVVXPHGZKHQ WKH UHODWLYH HUURU IRU HDFK YDULDEOH EHWZHHQ FRQVHFXWLYH LWHUDWLRQV LV
UHFRUGHGEHORZWKHFRQYHUJHQFHFULWHULRQVXFKWKDW  n n\ \  d ZKHUHQLVWKHQXPEHURILWHUDWLRQDQGȌLVD
IXQFWLRQRIUVDQGș
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3.1 Grid Independent Test 
 
7DEOH*ULG6HQVLWLYLW\&KHFNDWPr I DQGRe 






7DEOH7KHUPRSK\VLFDOSURSHUWLHVRIIOXLGDQGQDQRSDUWLFOHV



,QWKHSUHVHQWZRUNZHH[DPLQHILYHGLIIHUHQWQRQXQLIRUPJULGV\VWHPVZLWKWKHIROORZLQJQXPEHURIHOHPHQWV
ZLWKLQWKHUHVROXWLRQILHOGDQG7KHQXPHULFDOVFKHPHLVFDUULHGRXWIRUKLJKO\SUHFLVH
NH\LQWKHDYHUDJH1XVVHOWQXPEHUIRUZDWHUDOXPLQDQDQRIOXLGDVZHOODVEDVHIOXLGIRUWKHDIRUHVDLGHOHPHQWVWR
GHYHORSDQXQGHUVWDQGLQJRIWKHJULGILQHQHVVDVVKRZQLQ7DEOH+HQFHFRQVLGHULQJWKHQRQXQLIRUPJULGV\VWHP
RIHOHPHQWVLVSUHIHUUHGIRUWKHFRPSXWDWLRQ7KHWKHUPRSK\VLFDOSURSHUWLHVRIWKHQDQRSDUWLFOHDUHWDNHQIURP
RJXW>@DQGJLYHQLQ7DEOH
3.2 Comparison 
7KH SUHVHQW QXPHULFDO VROXWLRQ LV YDOLGDWHG E\ FRPSDULQJ WKH FXUUHQW FRGH UHVXOWV IRU FROOHFWRU HIILFLHQF\ 
WHPSHUDWXUHGLIIHUHQFH>7L 7D@SURILOHRIZDWHUZLWK WKHJUDSKLFDO UHSUHVHQWDWLRQRI.DORJLURX>@IRU IODWSODWH
VRODUWKHUPDOFROOHFWRUDWLUUDGLDWLRQOHYHO:P)LJGHPRQVWUDWHVWKHDERYHVWDWHGFRPSDULVRQ
5HVXOWVDQG'LVFXVVLRQ
7KH SHUIRUPDQFH RI ZDWHU DQG IRXU GLIIHUHQW ZDWHU EDVHG QDQRIOXLGV RQ WKH GLPHQVLRQOHVV WHPSHUDWXUH DQG
KHDWIXQFWLRQDUHSUHVHQWHGLQ)LJDEZKLOHVROLGYROXPHIUDFWLRQRIQDQRSDUWLFOHI 3UDQGWOQXPEHU 
DQG5H\QROGVQXPEHU 7KHWHPSHUDWXUHOLQHVWKURXJKWKHULVHUSLSHEHFRPHPRUHKHDWHGIRUDFFRUGLQJO\
ZDWHUZDWHUFRSSHUR[LGHZDWHUDOXPLQDZDWHUFRSSHU DQGZDWHUVLOYHU7KH IOXLG HQWHUV IURP WKH OHIW LQOHW DQG
JHWWLQJKHDWIRUPXSSHUDQGORZHUERXQGDULHVDQGILQDOO\H[LWVIURPWKHULJKW LQOHWRI WKHULVHUSLSHRIDIODWSODWH
VRODUFROOHFWRU,QLWLDOO\WKHLVRWKHUPDOOLQHVDUHGLVWLQFWWKURXJKWKHSLSH'XHWRULVLQJWKHUPDOFRQGXFWLYLW\RIWKH
QDQRIOXLGWKH\EHFRPHPRUHKHDWHGDQGWU\WRJDWKHUQHDUWKHH[LWERXQGDU\7KHWKHUPDOERXQGDU\OD\HUEHFRPHV
WKLFN IRU ZDWHU$J QDQRIOXLG WKDQ RWKHU QDQRIOXLGV DQG ZDWHU EHFDXVH $J QDQRSDUWLFOH KDV PRUH WKHUPDO
FRQGXFWLYLW\ WKDQRWKHUV+HDWOLQHV DUH VPRRWK DQG LW LVREVHUYHG WKDW WKH OLQHV DUHSHUIHFWO\SHUSHQGLFXODU WR WKH
LVRWKHUPOLQHVDQGWKHXSSHUDQGORZHUZDOOV7KLVIXUWKHULQGLFDWHVWKDWWKHKHDWIORZLVFRQGXFWLRQGRPLQDQW$Q
LPSRUWDQWSRLQWWRQRWHLVWKDWWKHKHDWOLQHVZLWKJUHDWHUVWUHQJWKEHFRPHVPDOOHULQVL]HDWWKHPLGGOHRIWKHIORZ
SLSH7KLVKDSSHQVGXHWRPRUHFRQGXFWLYHKHDWIOX[DQGDVZHVHHWKHFDVHRIZDWHUWKHVWUHQJWKRIKHDWOLQHJRHVWR
ORZ7KLVPHDQVWKDWPDMRUDPRXQWRIKHDWIOX[RUWUDQVSRUWRFFXUVIRUZDWHUVLOYHUQDQRIOXLG7KXVUHODWLYHO\OHVV
KHDWIORZRFFXUVIRUFOHDUZDWHU




1RGHVHOHPHQWV     
Nu 1DQRIOXLG     
Nu %DVHIOXLG     
7LPHV     
3K\VLFDO3URSHUWLHV )OXLGSKDVH:DWHU $J &X $O2 &X2
Cp-NJ.     
UNJP)     
k:P.     
ĮuPV     
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)LJLLLLVKRZVWKHLQIOXHQFHRIFRQVLGHUHGQDQRIOXLGVRQWKHUDWHRIKHDWWUDQVIHUNuFROOHFWRUHIILFLHQF\
ȘDQGPLGKHLJKWGLPHQVLRQDOWHPSHUDWXUHT+HDWWUDQVIHUUDWHLVPD[LPXPIRUZDWHU$JQDQRIOXLG$QGWKHQ
ORZHUNu LVREWDLQHG IRUZDWHU&XZDWHU$O2ZDWHU&X2QDQRIOXLGV UHVSHFWLYHO\Nu LQFUHDVHVE\
ZLWKWKHYDULDWLRQRIIIURPWRUHVSHFWLYHO\IRU$J&X$O2DQG&X2QDQRSDUWLFOHV+HUHNu
UHPDLQVFRQVWDQWIRUZDWHUZLWKWKHYDULDWLRQRII)RUDOOQDQRIOXLGVPHDQ1XVVHOWQXPEHUULVHVVKDUSO\IURPWR
DQGNuQHDUO\FRQVWDQWIRUHVFDODWLQJIIURPWR7KXVDGGLQJPRUHQDQRSDUWLFOHVLVQRWEHQHILFLDO%\
DGGLQJQDQRSDUWLFOHVWRWKHEDVHIOXLGXSWRWKHHIILFLHQF\LQFUHDVHVUHPDUNDEO\IRUDOOW\SHVRIQDQRIOXLGV)LJ
LLL H[SRVHV WKH WHPSHUDWXUH RI ZDWHU&X QDQRIOXLG DW WKH PLGGOH KHLJKW RI WKH ULVHU SLSH $W WKH LQOHW WKH
WHPSHUDWXUHRIIOXLGLVPDLQWDLQHGDW.DQGWKHQLWLQFUHDVHVJUDGXDOO\ZLWKWKHFRQWDFWRIKHDWHGVROLGULVHUSLSH
7KHRXWSXWWHPSHUDWXUHRIIOXLGLV...DQG.IRUI UHVSHFWLYHO\)RUI  
WKHUHLVQRVLJQLILFDQWFKDQJHRIRXWSXWWHPSHUDWXUHRIZDWHU&XQDQRIOXLG
&RQFOXVLRQ
 7KHUHVXOWVRIWKHQXPHULFDODQDO\VLVOHDGWRWKHIROORZLQJFRQFOXVLRQV
x 7KHVWUXFWXUHRI WKH WHPSHUDWXUHDQGKHDWIXQFWLRQ WKURXJK WKH ULVHUSLSH LV IRXQG WREHVLJQLILFDQWO\GHSHQGHQW
XSRQWKHSHUIRUPDQFHVRIPHQWLRQHGQDQRIOXLGV
x 7KH$JQDQRSDUWLFOHZLWKVROLGYROXPHIUDFWLRQKDVWKHKLJKHVWUDWHRIKHDWWUDQVIHU
x 7KHFROOHFWRUHIILFLHQF\ULVHVIURPWRIRUZDWHU&XQDQRIOXLGIRULQFUHDVLQJI IURPWR
x 7KHPLGKHLJKWWHPSHUDWXUHRIZDWHU&XQDQRIOXLGLQFUHDVHVVWHDGLO\ZKLOHSDVVLQJWKURXJKWKHSLSH
5HIHUHQFHV

>@ *6DQGKX([SHULPHQWDOVWXG\RIWHPSHUDWXUHILHOGLQIODWSODWHFROOHFWRUDQGKHDWWUDQVIHUHQKDQFHPHQWZLWKWKHXVHRILQVHUWGHYLFHV0
RI (QJJ6FL WKHVHLV7KH6FKRRORI*UDGXDWHDQG3RVWGRFWRUDO6WXGLHV7KH8QLYHUVLW\RI:HVWHUQ2QWDULR/RQGRQ2QWDULR&DQDGD
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E
)LJ&RPSDULVRQEHWZHHQ
SUHVHQWZRUNDQG.DORJLURX
L 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
)LJL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LLL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LLL
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